Design codes propose to restrict the nominal probability of failure within specific target structural reliability levels using a load factor and a strength reduction factor. In the current ACI318 Code, the strength reduction factor varies from 0.65 to 0.90, and the value considered in predicting the shear strength equals to 0.75. In this study, the change in the strength reduction factor in predicting the shear strength according to ACI318 has been investigated for different coefficients of variation of concrete compressive strength by using the first-order second moment approach, and the strength reduction factor is proposed for the target values of failure probability.
Introduction
The safety of a structure can be explained as the probability that the structure will perform its purposes throughout its design lifetime. In order to provide certain reliability levels for structures, design codes use safety factors. Partial safety factors are to be evaluated for a given target reliability index (β). The value of β depends on the relative consequences of failure and the relative costs of safety measures. The range of β for flexural strength of reinforced concrete (RC) beams designed according to ACI318 was investigated by Mirza (1996) . The resulting value of β is 3.1 (range 2.5-3.9). The target values of β were set in the study of Mirza (1996) at 3.0 and 3.25 for columns exhibiting tension and compression failures, respectively. MacGregor (1983) took as β = 2.5-3 for tension failures and β = 3-3.5 for compression failures. A higher value of β was assigned to members displaying compression failure, reflecting the increased danger due to sudden, brittle behavior of such members at the failure load. Beck et al. (2009) and Oliveira et al. (2008) noted that the target β of structures designed according to NBR8800 (2008) lies in the range from 2.3 to 4.5. The AS5104 (2005) and ISO2394 (1998) suggest that the lifetime target β ranges from 3.1 to 4.3 for ultimate (strength) limit states design. According to Vrouwenvelder (2002) , the central value of β = 4.2 (p F = 1.33·10 −5 ) should be considered as the most common design situation, and the value of β = 3.8 (p F = 0.7 · 10 −5 ) is mentioned for a reference period of 50 years in the Eurocode. The target value of β in the studies of Hasofer and Lind (1974) , Rackwitz and Fiessler (1978) and Madsen et al. (1986) was set at 4.1.
ACI318 and ASCE/SEI (2010) are based on semi-probabilistic approaches to design (Ribeiro and Diniz, 2013). According to the study of Nowak and Szerszen (2003) that is the basis of ACI318 calibration, the target β is 3.5 (range 3.4-3.6) for RC beams. In the ACI318 (1995), the strength reduction factor for shear is 0.85. According to the ACI318 (2002, 2011) , the strength reduction factor for shear is 0.75. According to TS500 (2000), the contribution of concrete to shear strength is obtained by reducing diagonal cracking strength with a safety factor of 0.8.
A first-order second moment probabilistic analysis procedure is used to compute the strength reduction factor in predicting the shear strength of RC beams according to the current ACI318 (2011), Section 9.3. The change in the strength reduction factor against the coefficient of variation of concrete compressive strength (V f c ) and the failure probability (p F ) is investigated through the database of 375 shear test results collected from 36 references.
Design recommendations for RC beams
According to the ACI318, the nominal shear strength (ν n ) is derived from two components: concrete and stirrups. This relationship is given as follows
in which ν s is the shear strength of stirrup based on yield and ν c is the shear strength of concrete, respectively. The shear strength of concrete consists of four mechanisms of shear transfer identified by the ASCE-ACI426 (1973) report as follows: the uncracked portion of the concrete, vertical components of the aggregate interlocking force in the cracked portion of concrete, dowel action of the longitudinal steel, and arch action. The shear strength of RC beams is given as follows
in which ρ w is the ratio of stirrups, f c and f yw are the compressive strength of concrete and yield strength of stirrup in MPa, respectively. In the ACI318, the strength design philosophy states that the design shear capacity of a member must exceed the shear demand as shown in Eq. (2.3)
in which φ is the shear strength reduction factor and given as 0.75 in ACI318 (2011) and 0.85 in ACI318 (1995) . In this study, the change in the strength reduction factor considered in predicting the shear strength according to the ACI318 (2011) is investigated and compared for different failure probabilities and coefficients of variation of concrete compressive strength.
Reliability analysis

Analysis method
In probability theory, the capacity R and the load S involve different basic variables. Hence the performance function, Z = R − S = g(X 1 , X 2 , . . . , X n ), contains uncertainties in all design variables. When the performance function equals to zero, Z = 0, it is called a failure surface. The safety or reliability is defined by the condition Z > 0 and therefore, failure by Z < 0. The calculation of probabilities of reliability or failure requires the knowledge of the joint probability distribution of all basic variables in the performance function. However, in many cases, these probability distributions are unavailable or difficult to obtain due to general lack of data. Besides, even though distributions of the variables are known, if the performance function is highly nonlinear, the evaluation of failure probability by numerical methods is difficult (Ranganathan, 1990; Ang and Tang, 1984) .
Because of these difficulties, the approximate methods for evaluation of structural reliability have been improved. In these methods, the random variables are represented by their first and second moments. In evaluating the first and second moments of the failure function, the first order approximation is used. That is why these methods are called first-order second moment methods. Therefore, this method is generally used by committees in calibrating codes for the evaluation of partial safety factors (Ranganathan, 1990 ).
Determination of partial safety factors
In this study, the determination of the strength reduction factor has been developed using the first-order second moment method. The strength reduction factor may be called as partial safety factor in the reliability based design. Partial safety factors are to be evaluated for a given β. At the same time, β is the safety measure that corresponds to a given probability of failure. Hence, in the reliability based design, the problem of the partial safety factors is reverse. If x * i is the design value of the original variable X i , the failure surface equation is defined as
where
is the most probable failure point on the failure surface, and the determination of x * i requires an iterative solution. Thus, it is required to find the design point (γ i m X i ) corresponding to the target β. The most general design format is to apply a safety factor on each of all design variables. The performance function must satisfy
The design point should be the most probable failure point. In the space of the reduced variates, the most probable failure point is x ′ * i = −α * i β, and β is defined as the shortest distance from the failure surface to the origin.
Sensitivity coefficient α * i is defined by as (Ang and Tang, 1984)
The partial safety factors required for a given β are defined as . In addition, it is also assumed that the all variables are statistically independent (Ang and Tang, 1984).
Strength reduction factor
The performance function g(X) for the shear failure mode is expressed as (3.4) in which ν n is the nominal shear strength, ν u,exp is the experimental shear strength, γ i and γ j are the safety factors corresponding to the related variables. By calculating weighted averages of these factors (γ i ), the strength reduction factor φ, defined in Eq.(3.4) is determined. The change in the φ considered in predicting the shear strength according to the ACI318 against the different V fc (0.10, 0.12, 0.15, 0.18) and p F (10 −7 , 10 −6 , 10 −5 , 10 −4 , 10 −3 , 10 −2 ) has been investigated by using experimental studies available in the literature.
Uncertainties of random variables
The uncertainties included in the prediction of shear strength are modeled as random variables.
Since there is no information about the measurement sensivity in the experiments, the values of the coefficient of variation taken into account in the calculations are determined by considering the previous statistical studies.
The Although the reinforcement ratios depend on the structural dimensions, they are assumed to be statistically independent from each other and from the other random structural parameters. In the study of Hao et al. (2010) , it was assumed that the coefficient of variation of stirrup ratio (V ρw ) is 0.15, which is the value used in this study.
The coefficient of variation of reinforcement strength (V fy ) was also reported by many researchers. Slightly different values were given by different researchers, where the V fy ranges from 0.05 to 0. In the studies of Hognestad (1951) and Mirza (1996) , it was assumed that the coefficient of variation of strength due to test procedure was 0.04, which is the value used in this study. The frequency distribution of the stirrup yielding strength (f yw ) varies from 179 MPa to 840 MPa. It is worth noting that f yw values are not equally distributed in the range from 300 MPa to 500 MPa. A large amount of beams is characterized by 300 and 500 MPa. Thus, regarding the stirrup, these two values can be good representatives of typical yielding strengths of stirrups for existing buildings (300 MPa) and more recent ones (500 MPa). The database is characterized by percentage of ρ w that ranges from 0.040 to 1.750 with a large amount of beams characterized by 0.250.
Investigation of the strength reduction factor in predicting the shear strength
In order to determine a more accurate shear strength reduction factor for the shear design method, the change in the φ obtained from the analysis is compared in Table 1 for different values of V fc and p F . φ decreases as β increases, and the reduction in the φ increases with V fc . For given V fc and p F , the φ for the HSC beams are found to be greater than the one for the NSC beams, so it can be inferred that the φ for HSC beams is more safe than the one for the NSC beams. In the ACI318 (1995), the φ considered in predicting the shear strength equals to 0.85. 
Conclusions
The change in the shear strength reduction factor according to the ACI318 is investigated for different coefficients of variation and failure probabilities. The following conclusions can be drawn from the results of this study.
• It is found that φ of 0.75, which is a value recommended by the ACI318 (2002) • It is observed that the φ decreases with increasing ρ w for all beams.
• For given V fc and p F , φ for the HSC beams are found to be greater than the one for the NSC beams, so it can be inferred that φ for the HSC beams is more safe than the one for the NSC beams.
